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Figure 3: On August 1, 2019 in Greenland Sea off Greenland 

NE Coast. Top: VIIRS, Blended and AMSR2 SIC. Bottom: SIC, 

OLI/TIRS RGB from Landsat-8 and Sentinel-1 SAR image.

Figure 1: Examples of Daily Sea Ice Concentration Composite over Arctic on 09 Dec 2018. Left: SNPP-VIIRS, Middle: 

blended VIIRS and AMSR2, Right: AMSR2. SAR-1B images in boxed region over Franz Josef Land and Barents Sea

Figure 5: On 18 Jun 2018 over Southeast Hudson Bay. 

Top: VIIRS, Blended and AMSR2 SIC . 

Bottom: Sentinel-2 RGB from same day ~17 UTC , and NPP 

VIIRS IST at 260-275 K scale for same day ~18 UTC. 

Figure 4: On 15 Oct 2017 over Bellingshausen 

Sea. Top: AMSR2 and Blended SIC; Bottom: 

Sentinel-2 RGB from the same day.

This work aims at improving SeaIce Concentration

(SIC) estimatesfrom space,providing a new product

that gives SIC under all-weather conditions through

optimal blending of high spatial resolution Visible

Infrared Imaging Radiometer Suite (VIIRS) ice

concentration with ice concentration from passive

microwave observation from Advanced Microwave

ScanningRadiometer-2 (AMSR2).

Validation of VIIRS andpassivemicrowave-derived

SIC hasbeendoneusing high-resolutionLandsatdata

from theU.S. GeologicalSurvey(USGS). In eachscene

there is a visible and thermal channelobservationat

30 meterspatial resolutionform the OperationalLand

Imager(OLI) and the ThermalInfrared Sensor(TIRS)

onboardLandsat-8. Each pixel at the original spatial

resolutionis identifiedaseithersnow/iceor waterunder

clearconditionsbasedon thevisible channelreflectance

and the derived Normalized-Difference Snow Index

(NDSI). SIC at lower spatialresolutionsof 1 and10 km

are calculatedas the ratio of the numberof snow/ice

pixels to the numberof all pixels insidea grid cell. For

eachof the Landsatscenesa correspondinggranuleof

the SuomiNPPVIIRS SIC with a spatialresolutionof

750 m is locatedwith a time differenceof lessthan 1

hour. A daily meanSIC product is also obtainedfrom

AMSR2 at 10 km. BiasandRMSEof SICsform VIIRS

and AMSR2 are calculatedwith regard to SIC from

Landsat.

After both VIIRS and AMSR-2 SICs are remapped

into 1-KM EASE-Grid, the Best Linear Unbiased

Estimator(BLUE) is thenappliedto derivethe final ice

concentrationunderclearsky conditions.

whereICE_CONC1 andICE_CONC2 aretheoptimized

ice concentrationsfrom thetwo products; D1 andD2 are

measurementbiases; ů1 and ů2 are the measurement

precisions. For the pixels undercloudy conditions,the

resulting SIC is determinedas the ice concentration

form the microwaveobservationswith biascorrection.

Furthermore,ice cover is defined by pixels with SIC

larger than15%. The final productwill havethe same

spatial resolution as VIIRS (1 km) with ice product

from microwaveobservationsinterpolatedto theVIIRS

spatialresolution.

To theleft is anexampleblendingof theVIIRS andAMSR2 SIC from 09

December2018. Notice the resultantSIC in BarentsSea,nearFranzJosef

Land andCanadianinland lakes. Next, validationresultsareshownfrom a

dozen ice scenesanalyzedfrom June 2019 with resultantstatisticsand

histogramsfrom cases(Figure2). Overall, theblendedSIC productreduces

overallRMS errorcomparedto VIIRS andAMSR2. A summerseasoncase

from 01 August2019over GreenlandSea(Figure3) is shownwherethere

were coinciding Landsat-8 and SyntheticAperture Radar(SAR) imagery

from Sentinel-1. Qualitativeanalysisindicatesimprovementwhen a blend

of VIIRS plus AMSR2 SIC is utilized, with the AMSR2 SIC product

noticeablymissinga seaice feature(circled). For this particularcaseboth

StandardDeviation and RMS errors (not shown) are reducedin blended

productcomparedto VIIRS andAMSR2 SIC. Anothercasein theAntarctic

regionover the BellingshausenSeacomparedto Sentinel-2 RGB shownin

Figure 4 gives further indication of AMSR2 SIC underestimation. A

summercaseon 18 June2018overHudsonBay (Figure5) givesadditional

indication that the AMSR2 retrieval hasan underestimationof SIC when

comparedto Sentinel-2 RGB. Sensitivity in warm ice surfacetemperature

environments,suchasshownin southernHudsonBay is a likely reasonfor

thediscernibleunderestimationof SIC in AMSR2.

Finally, LandsatandSentinel1-A andB SAR imagerythatcoincidewith

differencesbetweenthe Blend and AMSR2 SIC during the 2017 March

throughJuneperiodwereanalyzedto seehow often theNPPSIC improves

upon the AMSR2 SIC in the Blend. Thesesceneswhereobservedto have

SICs that were anywherefrom 25-75% differencein value. For Landsata

total of 117 images,of which only 11 occurin theAntarctic region. In total

it was found to have a 75% successrate in having Blend improving the

overallSIC field. For SAR comparisons,theyarepartitionedinto Arctic and

Antarctic, with 205 Arctic and 132 Antarctic scenesbeing analyzed,with

Blendhavinga differentSIC thanAMSR2. It wasfound that theBlendhad

a successrate85% overtheArctic and82% overtheAntarctic.

However,one caveatis that VIIRS still hassomeissueswith ice cloud

leakage. This is expectedto be improved with the releaseof updated

JPSS/VIIRScloudproductsthatprovidecloudprobabilities.

In summary,it hasbeenshownthat the higher resolutionVIIRS data

providesbeneficial information to improve upon microwave(AMSR2) SIC

under clear sky conditions. It was found that the AMSR2 retrieval suffers

from low SIC bias in especiallysummer-time warmerice conditionsandthe

inclusion of VIIRS SIC mitigatesthat specific problem. For future work, to

improve upon this product, we will include seasonally adjusted bias

corrections.
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Figure 2: Histogram comparisons to Landsat from 12 

Sea Ice Concentration scenes over Arctic from June 

2019. Upper left is AMSR2, upper right S-NPP and 

lower middle is the Blended product. 
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